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and kinetic energy produced in the system, together with the work lost in friction.
253.    This principle may be regarded as comprehending the. whole of abstract dynamics, because, as we now proceeil to show, the conditions of equilibrium and'of motion, in every possible case, may be derived from it.
254.    A material system, whose relative motions are. unresisted by friction, is in equilibrium in any particular configuration if, and ir. not in equilibrium^ unless, the rate at which the applied forces perform work at the instant of passing through it is equal to that at which potential energy is gained, in every possible motion through that configuration.    This is the celebrated principle of virtual velocities which Lagrange made the basis of his Maanitjuc Analytitjue,
655, To prove it, we have first to remark that the system cannot possibly move away from any particular configuration except by work being done upon it by the forces to which it is subject: it is therefore in equilibrium if the stated condition is fulfilled. To ascertain that nothing less than this condition can secure the equilibrium, let us first consider a system having only one degree of freedom to move. Whatever forces act on the whole system, we may always hold it in equilibrium by a single force applied to any one point of the system in its line of motion, opposite to the direction in which it tends to move, and of such magnitude that, in any infinitely small nlotion in either direction, it shall resist, or shall do, as much work as the other forces, whether applied or internal, altogether do or resist. Now, by the principle of superposition of forces in equilibrium, we might, without altering their effect, apply to any one point of the system such a force as we have just seen would hold the system in equilibrium, and another force equal and opposite to it. All the other forces being balanced by one of these two, they and it might again, by the principle of superposition of forces in equilibrium, be removed; and therefore the whole sett of given forces would produce the .same effect, whether for equilibrium or for motion, as the single force which is left acting alone. This single force, since it is in a line in which the point of its application is free to move, must move the system. Hence the given forces, to which the .single force has been proved,equivalent, cannot possibly be in equilibrium unless their whole work for an infinitely small motion is nothing, in which case the single equivalent force is reduced to nothing. Hut whatever amount oi freedom to move the whole system may have, we may always, by the application of fno tionlcss constraint, limit it to one degree of freedom only;—and this may be freedom to execute any particular motion whatever, possible under the given conditions of the system. If, therefore, in any such . infinitely small motion, there is variation of potential energy uncom-penwted by work of the applied forces, consiraint limiting the freedom of the system to only this motion will bring us to the case in which we have lust demonstrated there cannot be equilibrium. But the applica-